Flavobacterium aquatile, the type species of the genus Flavobacterium, was first described by Bergey et al. (1923) , and is placed in the phylum Bacteroidetes (Bernardet & Bowman, 2010) . Members of the genus Flavobacterium are Gram-negative bacteria; the cells are straight or slightly curved single rods that glide or are non-motile. They have low genomic DNA G+C contents in the range 30-41 mol %. Most species of the genus Flavobacterium grow well at 20-30 C, and they are widely distributed in nature (soil, freshwater, seawater, etc) (Bernardet & Bowman, 2010) . The major cellular fatty acid in most species of the genus Flavobacterium is iso-C 15 : 0 . Recently, it has been discovered that some species of Flavobacterium can grow under psychrophilic conditions [Flavobacterium antarcticum, À14.5-25.1 C (Yi et al., 2005) ; F. glaciei, 4-25 C (Zhang et al., 2006) ; F. noncentrifugens, 0-29 C (Zhu et al., 2009 ); F. fryxellicola and F. psychrolimnae, 5-25 C (Van Trappen et al., 2005) ]. A few strains have been isolated from special habitats such as hexachlorocyclohexane-contaminated soil (F. ummariense, Lata et al., 2012; F. lindanitolerans, Jit et al., 2008) , wastewater polluted with heavy metals (F. sasangense, Yoon et al., 2009) or sediment with a high arsenic content (F. arsenatis, Ao et al., 2014) . Some species are able to degrade polysaccharides (F. ahnfeltiae, Nedashkovskaya et al., 2014) , cypermethrin (F. haoranii, Zhang et al., 2010) or organic polymers (F. limicola, Tamaki et al., 2003) . Additionally, there are reports that some species, such as F. branchiophila (Wakabayashi et al., 1989) , F. psychrophilum (Duchaud et al., 2007; Starliper, 2011) and F. spartansii (Loch & Faisal, 2014) , cause diseases in fish. Moreover, carotenoids (C 40 , C 45 and C 50 ) can be derived from F. 'dehydrogenans' (Weeks et al., 1969) . To date, 152species with validly published names have been described within the genus Flavobacterium (http://www. bacterio.net/flavobacterium.html; April 2016), which gives us an overall perspective of their distribution and role in nature.
Four isolates were obtained from Daejeon, South Korea (36 40¢ 23.7¢¢ N 127 40¢ 13 .5¢¢ E). Soil samples were collected and dried at room temperature for 2 days. Then, 5 g soil was placed in each well of a transwell plate and 3 ml VL55 medium was added. The VL55 medium comprised (g l ), selenite-tungstate solution (Tschech & Pfennig, 1984 ) (2 ml), and trace element SL-10 (Widdel et al., 1983 ) (2 ml). The selenite-tungstate solution comprised NaOH (0.5 g), Na 2 SeO 3 Á 5H 2 O (3 mg), Na 2 WO 4 Á 2H 2 O (4 mg) and distilled water (1000 ml). The trace element SL-10 comprised HCl (10 ml), CoCl 2 Á 6H 2 O (190 mg), CuCl 2 Á 2 H 2 O (2 mg), FeCl 2 Á 4H 2 O (1.5 g), NaBO 3 (6 mg), MnCl 2 Á 4 H 2 O (100 mg), Na 2 MoO 4 Á 2H 2 O (36 mg), NiCl 2 Á 6H 2 O (24 mg), ZnCl 2 (70 mg) and distilled water (990 ml). Then, 100 µl of the soil suspension (1 g soil in 10 ml of VL55 medium, thoroughly stirred and settled) was inoculated into the insert chamber. The plates were incubated in a shaking incubator at 120 r.p.m. and 25 C for 4 weeks. The suspension was diluted with R2A medium, then 100 µl of each diluted concentration was spread on a modified medium, which contained 0.01 % R2A (w/v), 20 % VL55 medium (v/v), 50 % extracted soil (v/v) and 1 l distilled water; pH adjusted to 5.8 before sterilization. The agar plates were incubated under aerobic conditions at 25 C for 3 weeks. The colonies were individually streaked onto R2A agar plates; this was repeated until a pure isolated colony was obtained. The pure colony was stored in a 20 % glycerol stock at À70 C until needed.
Genomic DNA from all strains in this study was extracted following the protocol described previously (Pitcher et al., 1989) . The 16S rRNA genes were amplified by PCR using forward primer 27F (5¢-AGAGTTTGATCMTGGCTCAG-3¢) and reverse primer 1492R (5¢-TACGGYTACCTTG TTACGACTT-3¢) (Frank et al., 2008) . Sequencing was performed with an Applied Biosystems 3730xl DNA analyser using the Big Dye terminator cycle sequencing kit v.3.1 (Applied Biosystems). The nearly full-length 16S rRNA genes of four isolated strains were identified and the pairwise 16S rRNA gene sequence similarities were calculated with validly published strains using the EzTaxon server (Kim et al., 2012) . This analysis revealed that all the strains were members of the genus Flavobacterium. Strains UCM-R15 T and UCM-R21 were closely related to Flavobacterium enshiense DK69 T (97.4-97.5 %, pairwise similarity), F. saliperosum S13 T (96.3-96.4 Other species belonging to the genus Flavobacterium had less than 95 % pairwise similarity with the novel isolates. Based on the parameters and tools described previously, the 16S rRNA gene sequences were aligned using CLUSTAL X software (Thompson et al., 1997) , and phylogenetic trees were established using three different methods including neighbourjoining (Saitou & Nei, 1987) , maximum-likelihood (Felsenstein, 1981) and maximum-parsimony (Fitch, 1971) ; the algorithms were conducted by the MEGA6.0 software package (Tamura et al., 2013 ). Kimura's two-parameter model (Kimura, 1983 ) was used to determine evolutionary distance matrices for the neighbour-joining method; a bootstrap analysis based on 1000 replications (Felsenstein, 1985) was also performed for all the trees. The topological phylogenetic trees showed that the four isolated strains constituted a distinct branch from recognized members of the genus Flavobacterium (Fig. 1) Rohde (2011) . Motility, and indole and H 2 S production were tested on sulphide, indole and motility (SIM) medium (CM0435; Oxoid). DNase activity was tested on DNase agar (CM0321; Oxoid), and the clear zone was detected by the presence of 1 M HCl. The degradation of substrates was carried out according to the procedures described previously [starch (Wheater, 1955; Krieg & Padgett, 2011) ]. Hydrolysis of milk was checked according to the method of Tindall et al. (2007) . Urea hydrolysis was established on urea broth base (CM0071; Oxoid) in the presence of sterile 40 % urea solution (SR0020;Oxoid); a positive result was recorded as a medium change from orange to pink. Catalase activity was determined by bubble production in 3 % (v/v) H 2 O 2 . Oxidase activity was determined using 1 % (w/v) tetramethyl-p-phenylenediamine.
The temperature range for growth was established using at different temperatures (4, 10, 15, 20, 25, 28, 30, 35, 37, 45, 50, 55 and 60 C) . Various pH values for growth were tested (pH 4.0-11.0; at intervals of 0.5 pH units); the pH range was adjusted through the buffer systems suggested by Hatayama & Kuno (2015) , including 50 mM citrate buffer, 50 mM MES, 50 mM HEPES, 50 mM CHES and 50 mM CAPS. Growth in presence of various NaCl concentrations was also determined (0-10 %, at intervals of 0.5 %). All the tests were conducted in R2A broth (MB cell) with incubation at 28 C for up to 5 days. Colony morphology was defined on R2A agar plates at 28 C for 3 days, and cell shape and size were determined through scanning electron microscopy (EVO MA10; ZEISS) ( Fig. S3 ). To find optimal media that supported growth of the isolated strains, various media were checked including R2A (MB cell), trypticase soya (CM0129; Oxoid), nutrient (CM0001; Oxoid), LuriaBertani (CM0996; Oxoid), and MacConkey (CM0813; Oxoid); these agar plates were incubated at 28 C for 5 days.
API Kits (API 32 GN, API 20 NE and API ZYM; bio-M erieux) were used to test assimilation of sole carbon and nitrogen sources, and the presence of enzymes. Treatment with flexirubin-type pigment was carried out following the method of Fautz & Reichenbach (1980) to assess the colour change of the colonies in the presence of 20 % KOH (w/v). The strains were tested following growth under anaerobic conditions using a BBL GasPak anaerobic system with a dry anaerobic indicator strip (BD).
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Chryseobacterium balustimun LMG 8329 T AY468447) T and UCM-46 T with closely related species of the genus Flavobacterium. Numbers at nodes indicate levels of bootstrap support (%) based on a neighbour-joining analysis of 1000 resampled datasets; only values !50 % are given. Filled circles indicate branches of the tree that were also recovered using the maximum-parsimony and maximum-likelihood tree-making algorithms. Chryseobacterium balustinum LMG 8329 T (GenBank accession no. AY468447) was used as an outlying group. Bar, 0.02 substitutions per site.
The four isolated strains were rod-shaped and non-motile, and grew well on R2A agar. However, they did not grow below 15 C with 1 % NaCl. Three strains, UCM-R15 T , UCM-R21 and UCM-46 T , were able to grow in pH range from 5.5 to 9; however no growth occurred at pH 9 for strain T , the pH range for growth of this strain was pH 5.5-8. All the strains in this study were able to reduce nitrate to nitrite, but could not hydrolyse urea. Strain UCM-46 T and F. cauense KACC 15181 T grew on nutrient, trypticase soya or Luria-Bertani media, meanwhile, strains UCM-R15
T and UCM-R21 showed no growth and the others could grow on one or two kind(s) of the media (Table 1 C. The four isolated strains were not able to grow in the presence of 1 % NaCl. The flexirubin-type pigment was produced by strains UCM-R15
T , UCM-R21 and F. cauense KACC 15181
T . Leucine arylamidase and valine arylamidase were present in most strains, except strain F. saliperosum KACC 11679
T . The other results of the comparison of characteristics are given in Table 1 ; there are obvious differences between the isolated strains and the reference type strains. Polar lipids were extracted according to the procedures described by Ross & Grant (1985) ; solvents for the developing system and reagents were used according to the procedure described by Minnikin et al. (1984) . The spots were identified by spraying with ninhydrin reagent (Sigma Life Science), which detects free amino group-containing lipids, molybdenum blue spray reagent (Sigma Life Science), which detects phosphorus containing-lipids, and molybdophosphoric acid (phosphomolybdic acid reagent, 5 % (v/v) solution in ethanol; Sigma-Aldrich), which detects total lipids. Glycolipids were identified using 1-naphthol at 100 C for 5 min (Jacin & Mishkin, 1965) , and Dragendorff's reagent (Sigma-Aldrich) was also used to confirm the presence of phosphatidylcholine.
Menaquinone was extracted according to the protocol used by Minnikin et al. (1984) and investigated by HPLC. The unique respiratory menaquinone 6 (MK-6) was detected in all three type strains. The major polar lipid was phosphatidylethanolamine, which was detected in all strains; trace amounts of phosphatidylserine were found in strains UCM-R15
T and UCM-R36 T (Fig. 2) . However, phosphatidyl-Nmonomethylethanolamine was only found in UCM-R15 T , and is not found in most members of the genus Flavobacterium. Many kinds of polar lipids were not identified, including polar lipids (L1-4), aminolipids (AL1-2), and a glycolipid in strain UCM-R15
T . Strain UCM-R36 T contained polar lipids (L1-3) and aminolipids (AL1-3), and polar lipids (L1-3) and aminolipids (AL1-2) were found in strain T . According to a number of recent studies (K€ ampfer et al., 2012; Lee et al., 2012a, b; Glaeser et Li et al., 2014; Nedashkovskaya et al., 2014; Ngo et al., 2015) , phosphatidylethanolamine is a major identification polar lipid, occurring in most species of the genus Flavobacterium. Most members of the genus Flavobacterium have unidentified phospholipids, aminophospholipids and glycolipids. In this study, during the analysis of polar lipids, we noticed the appearance of spots, which we named either L2 in strains UCM-R36
T and UCM-46 T or L3 in strain UCM-R15 T ; they were found in a few of the species of the genus Flavobacterium, and appeared at high temperatures (160-180 C) after heating for 15 min. Other spots appeared within 15 min, as we repeatedly confirmed (Fig. 2) .
For fatty acid analysis, bacteria were prepared on R2A agar plates at 28 C for 2 days in aerobic conditions, and extracted using the protocol previously described by Sasser (1990) . All samples were analysed by gas chromatography (HP 6890 series GC system; Hewlett-Packard). The components of the fatty acids were named by the Microbial Identification software package (v. 6.08; MIDI Inc., database: TSBA6 6.21). The fatty acids of strains UCM-R15
T , UCM-R36
T and UCM-46 T were detected and included iso-C 15 : 0 (33.6, 32.9 and 28.8 %, respectively), iso-C 17 : 0 3-OH (11.2, 11.6, and 13.1 %, respectively), iso-C 15 : 1 G (10.9, 6.5 and 9.9 %, respectively), summed feature 9 (iso-C 17 : 1 !7c and/ or C 16 : 0 10-methyl) (18.4, 17.8 and 18.0 %, respectively), iso-C 15 : 0 3-OH (8.0, 6.0 and 7.1 %, respectively), anteiso-C 15 : 0 (1.5, 5.8 and 1.8 %, respectively) and iso-C 16 : 0 (2.7, 1.8 and 1.3 %, respectively). These are typical cellular fatty acids of the genus Flavobacterium (Table 2) .
DNA-DNA hybridization between the novel strains and their most close relatives of the genus Flavobacterium were carried out according to the protocol of Ezaki et al. (1989) , using photobiotin-labelled DNA probes (Sigma-Aldrich). Salmon sperm DNA (Invitrogen) was used as a control. The plate was read using a Victor X2 2030 multi-label reader (PerkinElmer). For these analyses, DNAs were extracted from each strain and the purity and concentration of each sample were then assessed by 1 % agarose (w/v) gel electrophoresis and spectrophotometry (MaestroNano spectrophotometer; Maestrogen), respectively. The DNA-DNA relatedness experiments revealed that strain UCM-R15 T shared 87.5 (±1.6) % genomic DNA reassociation with UCM-R21, 28.4 (±3.1) % with UCM-R36 T , 27.9 (±1. The analysis of the 16S rRNA genes of strains UCM-15 T (1454 bp), UCM-R21 (1450 bp), UCM-R36 T (1458 bp) and UCM-46 T (1446 bp) indicated that all the isolated strains belonged to the genus Flavobacterium. Based on the distinct differences in phenotype and physiological characteristics, the significant branch separation amongst members of closely related species of the genus Flavobacterium in the phylogenetic tree, and the combined DNA-DNA hybridization results, strains UCM-R15
T , UCM-R36 T and UCM-46 T represent three novel species of the genus Flavobacterium, for which the names Flavobacterium fulvum sp.
nov., Flavobacterium pedocola sp. nov. and Flavobacterium humicola sp. nov., respectively, are proposed.
Description of Flavobacterium fulvum sp. nov.
Flavobacterium fulvum (ful¢vum. L. neut. adj. fulvum deep yellow, referring to the colour of the colonies).
The cells are Gram-stain-negative, non-motile and rodshaped (0.15-0.2Â0.7-1.0 µm). Growth occurs at 15-35 C, pH 5.5-9 and with 0-0.5 % NaCl. Endospores are Fig. 2 . Polar lipid profile of strains UCM-R15 T (1), UCM-R36 T (2) and UCM-46 T (3) after two-dimensional chromatography and staining with 5 % molybdophosphoric acid at 180 C for 30 min (a); ninhydrin at 110 C for 15 min (b); and molybdenum blue at room temperature (c). a-Naphthol was used to identify glycolipids at 100 C for 5 min and Dragendorff's reagent was used for detecting the presence of phosphatidylcholine (data not shown). The yellow backgrounds in the total polar lipid profiles were removed by 25 % ammonia at room temperature. PE, Phosphatidylethanolamine; PS, phosphatidylserine; PME, phosphatidylmonomethylethanolamine; AL1-3, unidentified aminolipids; L1-4, unidentified polar lipids; GL, unidentified glycolipid. No phosphatidylcholine was detected in the three strains. not formed. Growth occurs only on R2A agar, not on nutrient agar, Luria-Bertani agar, MacConkey agar or trypticase soya agar. No growth occurs in anaerobic conditions. Colonies are deep yellow, circular, convex and smooth. Tests for oxidase and catalase are positive. Milk is hydrolysed, but starch, DNA and urea are not, and there is no H 2 S and indole production. Nitrate is not reduced. Flexirubin-type pigment is present. Using the API ZYM kit, there is acid phosphatase, alkaline phosphatase, cystine arylamidase, leucine arylamidase, esterase lipase (C8), naphthol-AS-BI-phosphohydrolase and valine arylamidase enzyme activity. There is weak esterase (C4) activity, but not a-chymotrypsin, a-fucosidase, a-galactosidase, b-galactosidase, N-acetyl-b-glucosaminidase, a-glucosidase, b-glucosidase, b-glucuronidase, lipase (C14), a-mannosidase or trypsin activity. The cells do not assimilate all the Acid production from D-glucose is absent. The polar lipid profile consists of phosphatidylethanolamine, phosphatidylserine, phosphatidylmonomethylethanolamine, two unidentified aminolipids, four unidentified polar lipids, and an unidentified glycolipid. The predominant fatty acids (>5 %) are iso-C 15 : 0 , summed feature 9 (iso-C 17 : 1 !7c and/ or C 16 : 0 10-methyl), iso-C 17 : 0 3-OH, iso-C 15 : 1 G and iso-C 15 : 0 3-OH.
The type strain and an additional strain are UCM-R15 T (=KACC 18666 T =NBRC 111764 T ) and UCM-R21, and they were isolated from soil in Yuseong-gu, Daejeon, South Korea. The DNA G+C content of the type strain is 35.3-36.2 mol%.
Description of Flavobacterium pedocola sp. nov.
Flavobacterium pedocola (pe.do¢co.la. Gr. n. pedon; L. suff. -cola inhabiting; N.L. n. pedocola soil-inhabiting).
The cells are Gram-stain-negative, non-motile, rod-shaped (0.25-0.3Â1.1-1.4 µm), non-spore-forming and strictly aerobic. Growth occurs at 15-35 C and pH 5.5-8. The cells do not grow in the presence of 0.5 % NaCl. Grows well on R2A agar, nutrient agar and Luria-Bertani agar, but not on MacConkey agar or trypticase soya agar. Colonies are opaque, circular, raised and smooth on R2A agar. The cells can hydrolyse milk, but not starch, DNA or urea. There is no reaction with indole and H 2 S production. Flexirubin-type pigment is not present. Using the API ZYM kit, there is acid phosphatase, alkaline phosphatase, cystine arylamidase, leucine arylamidase, esterase lipase (C8), naphthol-AS-BIphosphohydrolase, trypsin and valine arylamidase enzyme activity. There is weak esterase (C4) and a-chymotrypsin activity, but no a-fucosidase, a-galactosidase, b-galactosidase, N-acetyl-b-glucosaminidase, a-glucosidase, b-glucosidase, b-glucuronidase, lipase (C14) or a-mannosidase activity. Using the API ID 32 GN kit, the cells cannot utilise all the substrates. Using the API 20 NE kit, there is weak hydrolysis of aesculin ferric citrate, but no hydrolysis of the other substrates. There is no acid production from D-glucose. The polar lipid profile consists of phosphatidylethanolamine, phosphatidylserine, three unidentified aminolipids, and three unidentified polar lipids. The major cellular fatty acid (>5 % ) are iso-C 15 : 0 , summed feature 9 (iso-C 17 : 1 !7c and/or C 16 : 0 10-methyl), iso-C 17 : 0 3-OH, summed feature 3 (C 16 : 1 !7c and/or C 16 : 1 !6c), iso-C 15 : 1 G, iso-C 15 : 0 3-OH and anteiso-C 15 : 0 .
The type strain is UCM-R36 T (=KACC 18668  T =NBRC  111765 T ), and it was isolated from soil in Yuseong-gu, Daejeon, South Korea. The DNA G+C content of the type strain is 39.0 mol%.
Description of Flavobacterium humicola sp. nov.
Flavobacterium humicola (hu.mi¢co.la. L. n. humus soil; L. suff. -cola inhabiting; N.L. n. humicola soil-inhabiting).
The cells are strictly aerobic, Gram-stain-negative, nonmotile, rod-shaped (0.3-0.35Â0.6-1.0), and non-sporeforming. Growth occurs on R2A agar, trypticase soya agar, nutrient agar, and Luria-Bertani agar (optimal medium for growth is R2A), but not on MacConkey agar. Growth is observed at at 15-40 C, pH 5.5-9 and with 0-1 % NaCl. Colonies are yellow, circular, convex and smooth after incubation on R2A agar at 28 C for 3 days. The cells do not produce flexirubin-type pigment. Using the API ZYM kit, there is alkaline phosphatase, cystine arylamidase, leucine arylamidase, trypsin and valine arylamidase enzyme activity; there is weak acid phosphatase activity, but no a-chymotrypsin, esterase (C4), esterase lipase (C8), a-fucosidase, a-galactosidase, b-galactosidase, N-acetyl-b-glucosaminidase, a-glucosidase, b-glucosidase, b-glucuronidase, lipase (C14), a-mannosidase and naphthol-AS-BI-phosphohydrolase activity. No reaction is detected with the ID 32 GN kit. Using the API 20 NE kit, D-mannose is assimilated, and there is a weakly positive reaction with aesculin ferric citrate, 4-nitrophenyl-bD-galactopyranoside, N-acetyl-glucosamine and maltose. The cells hydrolyse gelatin and milk, but not starch, DNA or urea. There is no reaction with indole and H 2 S production. Phosphatidylethanolamine is the major polar lipid, and there are two unidentified aminolipids and three unidentified polar lipids. The major cellular fatty acids are iso-C 15 : 0 , summed feature 9 (iso-C 17 : 1 !7c and/or C 16 : 0 10-methyl), iso-C 17 : 0 3-OH, iso-C 15 : 1 G, summed feature 3 (C 16 : 1 !7c and/or C 16 : 1 !6c) and iso-C 15 : 0 3-OH.
The type strain is UCM-46 T (=KACC 18575 T =NBRC 111657 T ) and it was isolated from soil in Yuseong-gu, Daejeon, South Korea. The DNA G+C content of the type strain is 38.4 mol%.
